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METHOD AND APPARATUS FOR
DETECTING BATTERY ABNORMALITY IN
A PARALLEL BATTERY-CONNECTION
CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for detecting,
abnormality 1n a parallel battery, and more specifically
relates to a method for detecting abnormality 1n a parallel
battery-connection circuit.

In this application, a plurality of secondary batteries
connected 1n series 1s referred to as “a serial circuit,” and a
circuit 1n which a plurality of serial circuits are connected 1n
parallel 1s referred to as “a parallel battery-connection
circuit”.

2. Description of the Related Art

In one use of secondary batteries, a plurality of secondary
batteries are connected in series (serial circuit) so as to
provide a high voltage, and a plurality of serial circuits are
also connected 1n parallel so as to provide a high capacity.
In order to detect a problem, €.g., an internal short-circuit
occurring in such a secondary battery circuit, the following
two methods have been proposed.

In one method, the voltage or current value 1n each serial
circuit 1s monitored so as to compare voltages and current
values between the serial circuits and detect a voltage drop
or a current value rise caused by abnormality. A serial circuit
may be divided into several blocks for a block-by-block
complete monitoring. This method 1s, however, impractical
because 1t requires a complicated apparatus, which may
cause a high possibility of defects and dispersion 1n detected
values.

The other method for detecting abnormality utilizes a
current value rise of 1n a serial circuit including a secondary
battery with a problem, e.g., overcharging or overdischarg-
ing. Specifically, the temperature of a serial circuit rises
when the circuit includes a secondary battery with such a
problem. Therefore, the abnormality detection 1n a parallel
battery-connection circuit can be controlled based on the
absolute value of the temperature values detected from the
plurality of serial circuits.

However, the following problem arises if the abnormality
detection 1n a parallel battery-connection circuit 1S con-
trolled based on the absolute value of the temperature values
detected from the plurality of serial circuits.

The temperature values of a plurality of serial circuits are
prone to be affected by the environmental temperature
outside the parallel battery-connection circuit. If the envi-
ronmental temperature outside the parallel battery-
connection circuit 1s high, the temperature values of the
plurality of serial circuits will also become high.

Therefore, 1n the case where the environmental tempera-
ture outside the circuit 1s high, the temperature values
detected from the serial circuits would rise even 1f there 1s
no problem of overcharging or overdischarging the second-
ary batteries of the parallel battery-connection circuit. As a
result, such a method of abnormality detection has a risk of
resulting 1n an erroneous determination that an abnormality
has been generated even 1if there 1s no problem 1n the parallel
battery-connection circuit.

SUMMARY OF THE INVENTION

In the method for detecting abnormality 1n a paral
battery-connection circuit of this invention, the paral

el

10

15

20

25

30

35

40

45

50

55

60

65

2

battery-connection circuit includes: a first circuit including a
first plurality of batteries connected in series and a second
circuit including a second plurality of batteries connected in
serics; wherein: at least one of the first plurality of batteries
1s connected to a first temperature detection section, at lest
onc of the second plurality of batteries 1s connected to a
second temperature detection section, and the first tempera-
ture detection section and the second temperature detection
section are connected to an abnormality determining section
for determining abnormality 1n the parallel battery-
connection circuit, the method including the steps of: detect-
ing a first temperature of the at least one of the first plurality
of batteries by the first temperature detection section; detect-
ing a second temperature of the at least one of the second
plurality of batteries by the second temperature detection
section; and determining abnormality 1n the parallel battery-
connection circuit by the abnormality determining section
based on a temperature difference between the first tempera-
ture detected by the first temperature detection section and
the second temperature detected by the second temperature
detection section.

In one embodiment of the invention, the step for deter-
mining abnormality may further include the step of deter-
mining that the parallel battery-connection circuit has abnor-
mality when the temperature difference exceeds a certain
value.

In another embodiment of the invention, the step for
determining abnormality may further include the step of
determining, 1n the case where the temperature difference
exceeds the certain value, that there 1s an abnormal battery
in the first circuit if the first temperature 1s higher than the
second temperature, or that there 1s an abnormal battery in
the second circuit 1f the second temperature 1s higher than
the first temperature.

In still another embodiment of the 1nvention, another one
of the first plurality of batteries may be connected to a third
temperature detection section, another one of the second
plurality of batteries may be connected to a fourth tempera-
ture detection section, and the third temperature detection
section and the fourth temperature detection section may be
connected to the abnormality determining section for deter-
mining abnormality 1n the parallel battery-connection
circuit, the method further including the steps of: detecting
a third temperature of another one of the first plurality of
batteries by the third temperature detection section; detect-
ing a fourth temperature of another one of the second
plurality of batteries by the fourth temperature detection
section; and determining abnormality 1n the parallel battery-
connection circuit by the abnormality determining section
based on a temperature difference between the third tem-
perature detected by the third temperature detection section
and the fourth temperature detected by the fourth tempera-
ture detection section.

In another aspect of the mvention, an abnormality detec-
fion apparatus for a parallel battery-connection circuit 1is
connected to the parallel battery-connection circuit includ-
ing: a first circuit including a plurality of first batteries
connected 1n series; and a second circuit including a plural-
ity of second batteries connected 1n series, the abnormality
detection apparatus including: a first temperature detection
section connected to at least one battery of the first circuit;
a second temperature detection section connected to at least
one battery of the second circuit; and an abnormality deter-
mining section connected to the first temperature detection
section and the second temperature detection section, the
abnormality determining section determining abnormality of
the parallel battery-connection circuit, based on the tem-
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perature difference between the first temperature detected by
the first temperature detection section and the second tem-
perature detected by the second temperature detection sec-
tion.

™

In one embodiment of the invention, the abnormality
determining section may determine that the parallel battery-
connection circuit 1s abnormal when the temperature ditfer-
ence exceeds a certain value.

In another embodiment of the invention, the abnormality
determining section may determine, 1n the case where the
temperature difference exceeds the certain value, that there
1s an abnormal battery 1 the first circuit if the first tem-
perature 1s higher than the second temperature, or that there
1s an abnormal battery i the second circuit if the second
temperature 1s higher than the first temperature.

In still another embodiment of the 1nvention, at least one
of the first plurality of batteries or the second plurality of
batteries may include a nickel metal hydride battery.

In still another embodiment of the imnvention, the abnor-
mality detection apparatus may further include a third tem-
perature detection section connected to another battery of
the first circuit and a fourth temperature detection section
connected to another battery of the second circuit of the
parallel battery-connection circuit.

Thus, the mnvention described herein makes possible the
advantage of providing a method and an apparatus for
detecting abnormality, e€.g., overcharging and overdischarg-
ing 1n secondary batteries 1n a parallel battery-connection
circuit with certainty, without being affected by the envi-
ronmental temperature outside the parallel battery-
connection circuit.

This and other advantages of the present mvention will
become apparent to those skilled 1n the art upon reading and
understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram showing a configuration of a parallel
battery-connection circuit and an abnormality detection
apparatus used for the parallel battery-connection circuit
according to the present 1invention.

FIG. 2 1s a flowchart showing a method for detecting
abnormality 1n the parallel battery-connection circuit
according to the present 1nvention.

FIG. 3 1s a diagram showing the configuration of a parallel
battery-connection circuit and another abnormality detection
apparatus for the parallel battery-connection circuit accord-
ing to the present mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a configuration of a parallel battery-
connection circuit 1 and an abnormality detection apparatus
2 according to an embodiment of the present invention. The
parallel battery-connection circuit 1 includes a first serial
circuit 3, a second serial circuit 4 and a resistor 7. The first
serial circuit 3 and the second serial circuit 4 are connected
in parallel.

The first serial circuit 3 includes a first plurality of
batteries A1, A2, A3 ... An connected 1n series. The second
serial circuit 4 includes a second plurality of batteries B,
B2, B3 . . . Bn connected 1n series.

The abnormality detection apparatus 2 includes a tem-
perature detection section SA connected to the battery Al of

10

15

20

25

30

35

40

45

50

55

60

65

4

the first plurality of batteries, a temperature detection section
SB connected to the battery B1 of the second plurality of
batteries, and an abnormality determining section 6 con-
nected to the temperature detection section SA and the
temperature detection section SB.

Now, the safety control for the parallel battery-connection
circuit 1 will be explained.

When the first plurality of batteries A1, A2, A3 ... An and
the second plurality of batteries B1, B2, B3 . . . Bn are
connected in series, and these serial circuits (the first serial
circuit 3 and the second serial circuit 4) are connected in
parallel, if the properties of these batteries do not vary, both
the electromotive forces and the resistance values are equal
in the first serial circuit 3 and the second serial circuit 4.
Therefore, when the first plurality of batteries A1, A2, A3 . ..
An and the second plurality of batteries B1, B2, B3 . .. Bn
are charged or discharged, the value of a current I1 flowing
in the first serial circuit 3 and the value of a current 12
flowing 1n the second serial circuit 4 become equal.

Even if there 1s a difference between the charge level of
the first serial circuit 3 and the charge level of the second
serial circuit 4, the current would flow 1n the first serial
circuit 3 and the second serial circuit 4 so that the voltage of
the first serial circuit 3 and the voltage of the second serial
circuit 4 become equal. Therefore, after repeated charges
and discharges, the charge level of the first serial circuit 3
and the charge level of the second serial circuit 4 converge
to a relatively equal level.

As described above, the charge level of the parallel
battery-connection circuit 1 as a whole converges to a
constant level, and thus a partial overcharging or partial
overdischarging does not basically occur in the parallel
battery-connection circuit 1.

If one of the batteries among the first plurality of batteries
Al, A2, A3 . .. An or the second plurality of batteries Bl,
B2, B3 . . . Bn connected 1n series 1s internally short-
circuited, the voltage of the serial circuit including the
internally short-circuited battery drops lower by the level of
onc battery than the voltage of the serial circuit including
only normal batteries without a short-circuit. For example, it
the first serial circuit 3 includes an internally short-circuited
battery, the voltage of the first serial circuit 3 drops lower by
the one battery level in comparison to the voltage of the
second serial circuit 4. On the other hand, 1f the second serial
circuit 4 includes an internally short-circuited battery, the
voltage of the second serial circuit 4 drops lower by the one
battery level in comparison to the voltage of the first serial
circuit 3. In either case, a voltage difference 1s created
between the first serial circuit 3 and the second serial circuit

4.

In order to compensate for this voltage difference, a
current flows from the serial circuit including only normal
batteries without a short-circuit to the serial circuit including
the internally short-circuited battery. For example, 1f the first
serial circuit 3 includes an internally short-circuited battery,
a current flows from the second serial circuit 4 to the first
serial circuit 3. On the other hand, if the second serial circuit
4 1ncludes an internal short-circuited battery, a current flows
from the first serial circuit 3 to the second serial circuit 4.

Therefore, the normal batteries without a short-circuit 1n
the serial circuit including the internally short-circuited
battery turn into a highly charged state. Repeated charges
and discharges further advance this highly charged state.

As a result, 1n the serial circuit including the internally
short-circuited battery, the normal batteries may be over-
charged when they are charged. This may accelerate the
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degradation of the batteries, and 1n a certain type of batteries,
an abnormal overheating of the battery even poses a fire
danger or hazard.

The present embodiment provides a safety control for the
case where such a battery abnormality 1s generated.

As described above, if a battery abnormality (a short-
circuited battery) occurs in a parallel battery-connection
circuit 1, the normal batteries 1n the serial circuit including
the short-circuited battery will become overcharged.

In an overcharged state, the battery temperature generally
rises because the charging efficiency decreases and thus
uncharged energy turns into heat. Therefore, the normal
batteries 1n the serial circuit including the short-circuited
battery 1n a highly charged state reach an overcharged state
faster than the normal batteries 1n the circuit without short-
circuited battery do.

This means that by monitoring the battery temperatures of
the first serial circuit 3 and the second serial circuit 4, the
temperature difference created by the temperature increase
due to the overcharging 1s detectable, whereby the presence
of an abnormal battery 1s detectable.

FIG. 2 1s a flowchart showing the steps of an abnormality
detection method for the parallel battery-connection circuit
1. With reference to FIGS. 1 and 2, the abnormality detec-
fion method will be explained.

The temperature detection section 5A detects a tempera-
ture TA1 of the secondary battery Al (S201). The tempera-
ture detection section 5B detects a temperature TB1 of the
secondary battery B1 (5202).

Based on the temperature TA1 and the temperature TB1,
an abnormality determining section 6 calculates a tempera-

ture difference Td between the temperature TA1l and the
temperature TB1 (5203).

The abnormality determining section 6 determines
whether the temperature difference Td 1s higher than a given
value DEF (S204). If the temperature difference Td 1s
determined to be higher than the given value DEE, the
abnormality determining section 6 determines whether or
not the temperature TA1 1s higher than the temperature TB1
(S205).

If the temperature TAl of the secondary battery Al 1s
determined to be higher than the temperature TB1 of the
secondary battery B1, the abnormality determining section 6
determines that there 1s an abnormal battery 1n the first serial
circuit 3 including the secondary battery Al (5206). If the
temperature TA1 of the secondary battery Al 1s not higher
than the temperature TB1 of the secondary battery B1, the
abnormally determining section 6 determines that there 1s an

abnormal battery 1n the second serial circuit 4 including the
secondary battery B1 (5207).

If the temperature difference Td 1s determined not to be
higher than the given value DEF, the abnormality determin-
ing section 6 determines that the parallel battery-connection
circuit 1 is in a normal condition (S208).

The abnormality detection process completes 1f 1t 1s
determined that either there 1s an abnormal battery in the first
serial circuit 3 including the secondary battery Al (5206), or
there 1s an abnormal battery 1n the second serial circuit 4
including the secondary battery B1 (S207), or the parallel
battery-connection circuit 1 is in a normal condition (S208).

In the present embodiment, the abnormality detection
apparatus 2 includes, only one temperature detection section
SA for the first serial circuit 3 and only one temperature
detection section 5B for the second serial circuit 4, but the

present mvention 1s not limited to such a structure.
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As shown 1n FIG. 3, an abnormality detection apparatus
2A may include two temperature detection sections SA and
5C connected to the first serial circuit 3, and two temperature
detection sections SB and SD connected to the second serial
circuit 4. The abnormality determining section 6 calculates
the temperature difference between the temperature TA1 of
the secondary battery Al and the temperature TB1 of the
secondary battery B1, and calculates a temperature ditfer-
ence Tdn between a temperature TAn of the secondary
battery An and a temperature TBn of the secondary battery
Bn. When determining either the temperature difference Td1
or the temperature difference Tdn 1s higher than the given
value DEF, the abnormality determining section 6 deter-
mines that there 1s an abnormal battery in the parallel
battery-connection circuit 1. In the structure having two
temperature detection sections 5A and 5C for the first serial
circuit 3, and two temperature detection sections 5B and SD
for the second serial circuit 4, the reliability of the abnor-
mally detection improves. Also, more than two temperature
detection sections may be provided for each circuit.

When the abnormality determining section 6 determines
that there 1s an abnormal battery 1n the first serial circuit 3
or the second serial circuit 4, the use of batteries 1 the
parallel battery-connection circuit 1 may be suppressed so
that the temperature difference Td remains the given value
DEF or lower. If the use of batteries in the parallel battery-
connection circuit 1 1s suppressed so that the temperature
difference Td remains the given value DEF or lower, the
batteries 1included 1n the parallel battery-connection circuit 1
can be used to the maximum limit even 1f an abnormality
occurs 1n the parallel battery-connection circuit 1.

As described above, according to the present
embodiment, the presence of abnormal batteries 1s detected
based on the temperature difference Td between the battery
temperature TA1 of the first serial circuit 3 and the battery
temperature TB1 of the second serial circuit 4. Thus,
abnormalities, €.g., overcharging and overdischarging are
detectable with certainty in the secondary batteries 1n the
parallel battery-connection circuit 1 without being affected
by the environmental temperature outside the parallel
battery-connection circuit 1.

The abnormality detection method for a parallel battery-
connection circuit according to the present invention 1is
especlally effective when it 1s incorporated 1 a parallel
battery-connection circuit including a sealed nickel metal
hydride battery, in which the temperature significantly
Increases upon overcharging.

As described above, according to the present invention,
abnormalities, e€.g., overcharging and overdischarging 1s
detectable with certainty 1n secondary batteries 1n a parallel
battery-connection circuit without being affected by the
environmental temperature outside the parallel battery-
connection circuit.

Various other modifications will be apparent to and can be
readily made by those skilled in the art without departing
from the scope and spirit of this invention. Accordingly, it 1s
not intended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that
the claims be broadly construed.

What 1s claimed 1s:

1. A method for detecting abnormality 1mn a parallel
battery-connection circuit, the parallel battery-connection
circuit including:

a first circuit including a first plurality of batteries con-

nected 1n series and a second circuit including a second
plurality of batteries connected 1n series; wherein:
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at least one of the first plurality of batteries 1s connected
to a first temperature detection section,

at least one of the second plurality of batteries 1s con-
nected to a second temperature detection section, and

the first temperature detection section and the second
temperature detection section are connected to an
abnormality determining section for determining
abnormality 1n the parallel battery-connection circuit,

the method comprising the steps of:

detecting a first temperature of the at least one of the
first plurality of batteries by the first temperature
detection section;

detecting a second temperature of the at least one of the
second plurality of batteries by the second tempera-
ture detection section; and

determining abnormality 1n the parallel battery-
connection circuit by the abnormality determining,
section based on a temperature difference between
the first temperature detected by the first temperature
detection section and the second temperature
detected by the second temperature detection sec-
tion.

2. A method for detecting abnormality 1n a parallel
battery-connection circuit according to claim 1, wherein the
step for determining abnormality further comprises the step
of determining that the parallel battery-connection circuit
has abnormality when the temperature difference exceeds a
certain value.

3. A method for detecting abnormality mm a parallel
battery-connection circuit according to claim 2, wherein the
step for determining abnormality further comprises the step
of determining, 1n the case where the temperature difference
exceeds the certain value, that there 1s an abnormal battery
in the first circuit if the first temperature 1s higher than the
second temperature, or that there 1s an abnormal battery in
the second circuit 1f the second temperature 1s higher than
the first temperature.

4. A method for detecting abnormality 1n a parallel
battery-connection circuit according to claim 1, wherein:

another one of the first plurality of batteries 1s connected
to a third temperature detection section,

another one of the second plurality of batteries 1s con-
nected to a fourth temperature detection section, and

the third temperature detection section and the fourth
temperature detection section are connected to the
abnormality determining section for determining
abnormality 1n the parallel battery-connection circuit,

the method further comprising the steps of:
detecting a third temperature of another one of the first
plurality of batteries by the third temperature detec-
tion section;
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detecting a fourth temperature of another one of the
second plurality of batteries by the fourth tempera-
ture detection section; and
determining abnormality 1n the parallel battery-
connection circuit by the abnormality determining,
section based on a temperature difference between
the third temperature detected by the third tempera-
ture detection section and the fourth temperature
detected by the fourth temperature detection section.
5. An abnormality detection apparatus for a parallel
battery-connection circuit, the parallel battery-connection
circuit including:
a first circuit including a plurality of first batteries con-
nected 1n series; and

a second circuit including a plurality of second batteries
connected 1n series,

the abnormality detection apparatus comprising:

a first temperature detection section connected to at
least one battery of the first circuit;

a second temperature detection section connected to at
least one battery of the second circuit; and

an abnormality determining section connected to the
first temperature detection section and the second
temperature detection section, the abnormality deter-
mining section determining abnormality of the par-
allel battery-connection circuit, based on the tem-
perature difference between the first temperature
detected by the first temperature detection section
and the second temperature detected by the second
temperature detection section.

6. An abnormality detection apparatus according to claim
5, wherein the abnormality determining section determines
that the parallel battery-connection circuit 1s abnormal when
the temperature difference exceeds a certain value.

7. An abnormality detection apparatus according to claim
6, wherein the abnormality determining section determines,
in the case where the temperature difference exceeds the
certain value, that there 1s an abnormal battery in the first
circuit 1f the first temperature 1s higher than the second
temperature, or that there 1s an abnormal battery in the
second circuit 1f the second temperature 1s higher than the
first temperature.

8. An abnormality detection apparatus according to claim
5, wherein at least one of the first plurality of batteries or the
second plurality of batteries include a nickel metal hydride
battery.

9. An abnormality detection apparatus according to claim
5, further comprising a third temperature detection section
connected to another battery of the first circuit and a fourth
temperature detection section connected to another battery
of the second circuit of the parallel battery-connection
circuit.
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